NON-UNITARY MINIMAL MODELS, BAILEY'S LEMMA AND = 1,2 
SUPERCONFORMAL ALGEBRAS 



LIPIKA DEKA AND ANNE SCHILLING 

Abstract. Using the Bailey flow construction, we derive character identities for the 
N = 1 superconformal models SM (p', 2p + p') and SM (p', 3p' - 2p), and the = 2 
superconformal model with central charge c = 3(l — 2^) from the nonunitary minimal 
models M {p, p'). A new Ramond sector character formula for representations of N = 2 
superconformal algebras with central element c = 3{l — ^)is given. 



1. Introduction 

Bailey's lemma is a powerful method to prove g-series identities of the Rogers-Ramanujan- 
type [ 3 1. One of the key features of Bailey's lemma is its iterative structure which was first 
observed by Andrews jj) (see also |22|). This iterative structure called the Bailey chain 
makes it possible to start with one seed identity and derive an infinite family of identities 
from it. The Bailey chain has been generalized to the Bailey lattice [JJ which yields a 
whole tree of identities from a single seed. 

The relevance of the Andrews-Bailey construction to physics was first revealed in the 
papers by Foda and Quano [14 15] in which they derived identities for the Virasoro char- 
acters using Bailey's lemma. By the application of Bailey's lemma to polynomial versions 
of the character identity of one conformal field theory, one obtains character identities of 
another conformal field theory. This relation between the two conformal field theories is 
called Bailey flow. In |4| it was demonstrated that there is a Bailey flow from the minimal 
models M{p — l,p) to N ^ 1 and N = 2 superconformal models. More precisely, it was 
shown that there is a Bailey flow from M{p — l,p) to M{p,p+ 1), and from M{p — l,p) 
to the = 1 superconformal model SM {p, p+2) and the unitary N = 2 superconformal 
model with central charge c = 3(l — |). In the conclusions of 1 4 1 it was mentioned that this 
construction can also be carried out for the nonunitary minimal models AI {p,p') where p 
and p' are relatively prime. In this paper we consider the nonunitary case. We show that 
starting with character identities for the nonunitary minimal model M{p,p') of )6| 1261 . 
characters of the N = 1 superconformal models SAI{p' , 2p + p'), SM{p' . ip' — 2p) and 
of the N = 2 superconformal model with central element c = 3(l — ^) can be obtained via 
the Bailey flow. We also give a new Ramond sector character formula for a representation 
of the N = 2 superconformal model with central element c = 3(l — ^). 

The character identities obtained from the Bailey flow construction are of Bose-Fermi 
type. The bosonic side is associated with the construction of singular vectors of the under- 
lying conformal field theory. The fermionic side is usually manifestly positive and reflects 
the quasiparticle structure of the model. 
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The paper is organized as follows. In section |2l we provide the necessary background 
about Bailey pairs and fermionic formulas of the M{p, p') models. This section is added to 
make this paper self-contained. For details the reader should consult (4"6"7]. In section|3l 
the characters of the = 1 supersymmetric models SM{2p+p',p') and SAI{3p' — 2p,p') 
are derived using the Bailey flow. Explicit fermionic expressions for these characters are 
given. In sectionl^the background regarding N = 2 superconformal models is stated and 
a new character for the Ramond sector is derived. Then it is demonstrated how to obtain 
the characters of the N = 2 superconformal model with central element c = 3(l — ^) 
via the Bailey flow along with the explicit fermionic expressions for these characters. In 
section|5]we conclude with some remarks. 

Acknowledgment. Special thanks to Professor Gaberdiel and Hanno Klemm for their help 
through the jungle of literature regarding N — 2 character formulas and their help regard- 
ing the spectral flow of = 2 superconformal algebras. We are grateful to both of them 
for their e-mail correspondences. We would also like to thank Professor Dobrev for helpful 
discussions. 



2. Bailey's lemma 

In this section we summarize Bailey's original lemma |2]|3 and the Bose-Fermi identi- 
ties for the M{p,p') minimal models Il5ll6l ll6l|26l . 

2.1. Bilateral Bailey lemma. A pair (a„,/3„) of sequences {a„}„>o and {/3„}„>o is 
called a Bailey pair with respect to a if 

n 

(2-1) /3» = E r ^ ?\ 

where 

n-l 

(a)„ := (a; (?)„ = J]^ (1 - aq""), 

(a)_„ (a;g)_„ = = — ^p-. 

nfc=i(l-ag '^j 

Following j4l, we are going to use an extended definition in this paper called the bilateral 
Bailey pair. A pair (a„, /?„) of sequences {anjngz and {/3n}„gz is said to be a bilateral 
Bailey pair with respect to a if 

n 

(2.2) E 



Theorem 2.1 (Bilateral Bailey lemma ||2l|3]|4I). If {am Pn) is a bilateral Bailey pair then 



(2.3) 



E iPl)n{P2)n{aq/piP2Tf3n 
i—~oo 

{aq/pi)oo{aq/p2 



C 



E 



n— — 00 



{Pl)n{p2)n.{aq/ PlPlTctr, 

{aq/ pi)n{aq/ P2)n 
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This lemma has been used with various Bailey pairs and different specializations of the 
parameters pi and p2 to prove many g-series identities (see for example P]l4l ll5ll25l \ In 
this paper the bilateral Bailey lemma is used to derive character identities for iV = 1, 2 
superconformal algebras from nonunitary minimal models M {p, p'). 

A useful way to obtain new Bailey pairs from old ones is the construction of dual Bailey 
pairs. If (a„ , /3„) is a bilateral Bailey pair with respect to a, the dual Bailey pair [An , Bn) 
is defined as 



(2.4) 



2 _ 1 _i 

An{a,q) ^ a'^q"- a„(o ,q ), 
i3„(a,g) = a-"(7""'~"/3„(a-\9-i). 
Then {An, Bn) satisfies j2.2t with respect to a. 



2.2. Bailey pairs from the minimal models M{p, p'). As shown by Foda and Quano fl31 . 
the Bose-Fermi character identities L5ii6i il6i l26l for the minimal models M {p,p') are of 
the form 

(2.5) Br^,^^,iL,b;q) = g-^'^C)- F,(,),,(L, 6; (?), 

with AA^jft) s as given in (6| and 



B, 



(6). 



s{L,b;q) = X! U' 



,jijpp'+r{b)p'-Bp) 



UL + s-b)-jp' 



(2.6) 

Here 
(2.7) 



q 



(jp-r){jp' -s) 



L 



h)+jp' 



n 
3 



is the g-binomial coefficient. The function fermionic formula Fr(f,)^(i, 6; q) will be dis- 
cussed in the next section. For simplicity we are going to write r for r{b). Follow- 
ing L15l ll4i the identity ( 12. 5> yields the bilateral Bailey pair relative to a = qb-s+2x ^^jjgre 

X 



L-2n-b+s 
2 



(2.8) 



qjijpp'+rp'-sp) jf ^ ^ jpl _ ^ 

^qUp-r)Up'-s) if n = jp' ~ b - X 
otherwise 

■^-—F^Pf\2n + b~s + 2x,b;q). 



The dual Bailey pair to J2.8> relative to a = q 



_ Ji-s+2x 



IS 



(2.9) 



qfp'(p' ~p)-jp'(r-b)-js(p' ~p)~x(b+x-s) jf — jp' _ j. 

j(jp' -s)(j(p' -p)+r-b)-x(b+x-s) if n = jp' — b ~ X 

Otherwise 



Pn = 



{aq). 



-aJ'q"'^FlP/\2n + b-s + 2x,b; q-^). 
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Inserting ( 12. 8> and i2.9\ into the bilateral Bailey lemma yields 



{aq/ Pi)oo{aq/ P2)oo ( {pi)]p' -x{p2)]p' 



EKPl ]p'-x{P2 jp'~x f I 



(2.10) 



VP 

{aq)oo(aq/ piP2)oo \{aq/pi)jpi-3:{aq/p2)j 



X qjUPP'+rp'-sp) {Pl)jp' -b-x{P2)jp'-b-x 

{aq/ pi)jp,^b-x{aql P2) jp' — b—x 



and 



(2.11) 



f2iPi)n{P2)n{aq/ pip2Tj^a-q''' F^Pf'H'in + b-s + 2.x, 6; g-^) 

^ {aq I Pi) oojaq I P2) 00 | (pi)jy~-a:(p2)jy-x (ag/p^p^)^p'-^ 

V {aq/ pi)jp'-x{aq/ p2 )jp'-x 

X gJ^p'(p'-p)-ip'(»'-'')-J'i(p'-p)-^(''+^-s) {Pl)jp' -b-x{P2)jp' -b-x 

(aq/pi) jp'-b-x iaq/P2) jp'-b-x 

As in f4l, we are going to consider different specializations of the parameters pi and p2 in 
j2.im and j2.1 H to get character identities for = 1, 2 superconformal algebras. 

2.3. Fermionic formulas for M{p,p'). So far we have only considered the bosonic side 
of i2.5i explicitly. It suffices for the purpose of this paper to state the fermionic formula 
for the case p < p' < 2p with p and p' relatively prime and r, s being pure Takahashi 
length. We follow (7! Section 4]. The fermionic formula depends on the continued fraction 
decomposition 

P' 



1 



= 1 + i^o + 

p — p 1 
lyi + 



1 

1^2 + —7: 

Vno + 2 

Define U — X]}=o ^'-'^ 1 < i <no + 1 and the fractional level incidence matrix Ib and 
corresponding Cartan matrix B as 

{^i,fc+i + 5j,k-i for 1 < j < t„o+i, j 7^ U 

5j,k+i + 5j,k - <5j,fe-i for j = ti,l < i < HQ - (5iy„g,o 
<5j,fe+l + <5^„Q,0'5j\A; for j = tn„+l 

where /„ is the identity matrix of dimension n. Recursively define 

Um+l = Um-l + {Vm+ 5m.a + 26m,na)ym, JZ-l = 0, ?;o = l, 

^m+i = ym-i + (i^™ + ^m,o + 2(5™,„Jy„, y_i = -l, ^0 = 1- 
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Then the Takahashi length and truncated Takahashi length are given by 

for tm < j < Un+i + Srn,no with < m < no- 



+ 1 = Vm-l + [j - tm)yn 



For b = £p+i, r{b) ~ £p+i with < (5 < i^+i + 5^,no and s ~ ia+i with < a < 
ti^+i + 5f ,no the fermionic formula is given by 



i=Qu,v (mod 2) 



m i3m— ij4u „m 



"0 + 1 

n 



TO., 



where fcf, » is a normalization constant and n, m e Z*"r)+i such that 



(2.13) 



n + m = - ( Ism + u + v + Lei 



with ei the standard i-th basis element of Z*"o+i, u = — X^fclj+i v = — 
X]fc=c+i Qu,v^ ^u.v as defined in iT', Section 4.2]. The q-binomial is also defined 

for negative entries 



n + m 
m 



Note that 
(2.14) 



n + m 

TO 



n + TO 

TO 



In fact using ( I2.14> we get the following dual form of the fermionic formula that will be 
useful later on 



(2.15) F^P/\L,b;q-^) 



jm*i3m— iLmi + iAu.vm— im*(u- 



i=i 



rij + TO 



3. N = I SUPERCONFORMAL CHARACTER FROM M{p,p') 

In this section we are going to consider the speciaUzation in and ( 12. IH 

(3.1) pi — > oo, p2 — finite. 

We will see that these give characters of the iV = 1 superconformal model SM{p,p') 
given bv lTollTTl . 



(-g^-)c 

(9)00 



E/ jjjpp' +rp' -sp) (jp 



(3.2) xt'''\'i)-x^v-%-siq) 

j = -oo 

where 1 <r<p — 1,1 < s < p' — \, p and [p' — j3)/2 are relatively prime and 

I i if i is even (NS-sector), 



(3.3) 



1 if i is odd (R-sector). 



The central charge is c = | — '^'■^ ^ 

to 2 pp' 
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3.1. The model SM{p', 2p + p'). Specializing pi — > oo and P2 = —q ^ with a; = 
in ( I2.10> we find for b — s even (NS sector) 



(3.4) X 



^^(7i'^-\-7ib — ns) / 
~(p^2p+p')/„^ _ 1^ '(-q' )n+{b-s)/2 ^„7V^ 



s,2r+b 



n>Q 



{q)2n+b-s 



^F^Pf">{2n + b-s,b;q) 



and for b — s odd (R-sector) 
(3.5) 



n>0 



(9) 



2n+6-s 



To obtain an explicit fermionic formula set toq = L = 2n + b— s and insert ( I2.12t into 
13 .4> . Then using 



(3.6) 
we find 



k=0 



mo 
2 
k 



(3.7) 



X 



mo— k—0 m= 
niQ even 



mo 
2 



,10 + 1 



n 

1 3 = 1 



Tij + m.j 



Setting p = (fc, Too, m) G Z*"o+i+2^ ( |3.7> in the NS-sector can be rewritten as 



(3.8) 



pgz'"o+i+2 
Pi = (Qu,v)i,i>2 



1 



2(ZbP + u + v)j 



n 



where = 2It^^^,+2 - B, 





r 2^ 


-1 









1 








-1 


B 



(3.9) 



^u,v — (0,0,Au,v), 

u* = (0,0,u*), 
v* = (0,0,v*), 



J U. V 



(0,0,QL,v)- 

Similarly setting toq = 2ri + 6 — s in ( 13. 5t and using 

"0 + 1 

(3.10) ^ 



fe=0 



mp + l 
2 
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we get the fermionic formula in the R-sector, 



,-,(p',2p+p')^„A _ i„-i((fc-s)2 + l)-AA,,,+fc5,, „ip'Sp-ii,,„p 



(3.11) Xt2rir'i^) = -^<1 



P,=(Qu,„)i,i>2 
t„0 + i+2 



n 



i(Ij3P + li + v)j 



where i3,i,v are as in (|l9|i and u* = (1,0, u*), Q\^ ^ = (0,1,QJ, ^). 

3.2. The model SM{p' , 3p' — 2p). Similarly using the same specialization with the dual 

Bailey pair in ( 12.1 H we find for b — s even in the NS-sector 

(3.12) 

y q_ (-g-)n+(.-.)/2 ^x.,. (2n + 6 - 5; g-i) 

(q)2n+b-s 



As,3b-2r 



n>0 



and for 6 — s odd in the R-sector 
(3.13) 



n>0 



2n+fc-s 



To obtain the fermionic formula, as before we are going to set toq = 2n + b — s. 
Inserting ( I3.10> and ( I2.15> into ( I3.13t we get in the R-sector 

"'0 + 1 

-, OO 2 

E E E 

mo=0 fe=0 m=Qu,v 
mo odd 

X (^3(™o+'^'^^™f)''^™f)™i)g3'"*-^™~5™'("+'^) + i^u.^™ 



(3.14) 



rrtQ + l 
2 



"0 + 1 



n 

q j=i 



Tin + Too 



Define p = (fc, toq, m) e Z*"o+i+2^ jj^^j. ( I3 /[4| | jjj j-jje R-sector can be rewritten as 

ip'B'p+iA„.^p 



(3.15) X 



,-,(P''3p'-2p)/ X _ i. -i(3(6-s)Vl)+A^...-fc, 
s,3h-2r — r,y 



E 

pez*"o+i+2 

p.EE(Q'„,v).,i>2 



2(Z^,p + U + v)j 



n 



where X^, = 2/t„^^^,+2 - B' , v as in gj, u* = (1, 0, u*), {Q'^ .,f = (0, 1, Q\,^^\ and 



(3.16) 







-1 









2 






\ 


-1 


B 



iu,v = (0,0,Au,v-U*-V*). 
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Similarly, for the NS-sector it follows from (I3.12> 



p6Z'"0 + i + ^ 
Pi = (Q'„,„)>,i>2 



+ 1+2 p ^ , 
2(X^,P + U + V)j 



Pi 
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with B' and ^u,v as in ( ITT61 . (Q^.v)* = (0, 0, Qj,,v)' (0, 0, u*) and v* = (0, 0, v*^ 



4. N ^ 2 Character formulas 

4.1. N — 2 superconformal algebra and Spectral flow. The N = 2 superconformal 
algebra A is the infinite dimensional Lie super algebra L13J with basis L„, r„, G^, G and 
(anti)-commutation relation given by 





G 

= (m - n)Lm+n + 


[Lm, G^] 


= i^m - r)G^+^ 








= -CmSni^n,0 


\Tm , G^ j 




{G^, Gg } 


= 2Lr+s + (r - s)T,.+ 


[Lim, G] 


= [T„,G]- [G±,G] = 


{GriG^} 


= {g,-,g;} = o 







where n, m G Z, but r, s are integers in R-sector and half-integer in NS-sector. The 
element G is the central element and its eigenvalue c is parametrized as c = 3(1 — y-), 
where p, p' are relatively prime positive integers. 

It was observed in 1 1 8 24 1 that there exits a family of outer automorphisms : A ^ A 
which maps the N = 2 superconformal algebras to itself. These are explicitly given by 



(4.1) 



This family of automorphisms is called spectral flow and ry G M is called the flow param- 
eter. When ?7 G Z each sector of the algebra is mapped to itself. When 77 G Z -I- ^ the 
Neveu-Schwarz sector is mapped to the Ramond sector and vice-versa. We are going to 
use the spectral flow 77 = ±i to map the NS-sector to the R-sector. 



a,(G+) 


— G^ 


= G+ 




q;^(G,T) 


— G^ 








= Ln 


= " 


- VTn + 


Cir,{Tn) 
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4.2. Spectral flow and characters. We denote the Verma module generated from a high- 
est weight state Q, c) with Lq eigenvalue h. To eigenvalue Q and central charge c by 
Vh.Q- The character xv^, q of a highest weight representation 14 g is defined as 

Following 1181 the character transforms under the spectral flow in the following way 

(4.2) Trv.,,^(/°-^/24z*°) = Tix,,^„(g^°-^/24z^°), 

where and Q'' are the eigenvalues of and Tq, respectively, as defined in j4.H . This 
means the new character Xv^ri qi {q, z) which is the trace of the transformed operators 
over the original representation equals the character of the representation defined by the 
eigenvalues and Q"^ of Lq and Tq, respectively. So the new character is the character of 
the representation Vh^.q^i. 

For rj = J the spectral flow ai takes a NS-sector character to an R-sector character 

Let XVhQ ^) ^ NS-sector character corresponding to the representation Vh.q- Then 
by and (gi) the new R-sector character Xy ^ (q, z) is derived using 

4.3. R-sector character from NS-sector character. To simpUfy notation we are going to 
use a slightly different notation for characters. Since we are only dealing with the vacuum 
character in the NS-sector for which = 0, Q = 0, we write Xppi{q, z). The R-sector 
character is denoted by xS[wiQ, z) with the corresponding {h, Q) specified separately. 

Following 19! [El [131 nil in flie vacuum character for the N = 2 superconformal 
algebra with central element c = 3(1 — ^) in the NS-sector is given by 

(4.4) x^(..)^,-'/"n ""''°;*«;;r''"*' 



(■ 



n=l 

p'n(pn+l)+pn+i -1 p'n{pn+l)+pn+^ 



^qt- ''yf' , ^, , • 2 z q>^ 



1 + zqP''^+^ 1 + z-igP'»+5 



^(^qPn(p' n+l) _^ 



■^qp'n(pn+l)—pn—^ qp' n{pn+l)—pn- ^ 



This formula can be verified using the embedding diagram for the vacuum character as 
described in I13II18I and can be rewritten as (as will be useful later) 



oo 



(4.5) xg^(..)=,-'/"n '^""7!^'Mr''" 

n=l ^ ^ ' 



°° - ^2p'j+l 



^ „pj(p'j+l) ^ 1 



,_oo {l + zqP'^+2){l + z-^qP'^+2) 

The unitary case p = 1 of these character formulas was given in II II 1201 1211 1231. In 
particular if we put z = 1 in ( 14. 5> we obtain the following formula derived in II13I 

(4 6) Y^^,(q) = q'"/'^TT^ ^ ' V qPi(Pi + ^')t^ 1 

^^■0^ Xp,p'{q) q 11 „)2 1 l + nP'^+y 

71 — 1 ■ ' j — — 00 ' y 
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Let us apply (14. 3> to the NS-sector vacuum character (14. 5> to get a Ramond sector 
character. From (14. U it follows that 



- _ 1 c 

Lo-Lo- -To + - 

6 



For the vacuum character in the NS-sector {h, Q) — (0, 0), so the new eigenvalues are 
{h^, Q^) — — f)in the R-sector. Hence the new character in the R-sector corresponds 
to (/i'',Q'') andby E3} 



(4.7) Xp^p,{q,z)^q^^^z ^^Xp^^,{q,zq ^) 



4.4. N ~ 2 superconformal characters for c 3(1 — -^). Using r = and 6=1 
( I2.10> we obtain 

(4.8) ^(pi)„(p2)„(ag/pip2)" j-^Fo^^/ '(2n + 1 - ,s + 2x, 1; q) 

n=0 y^^lln 

^ (aql P\)oo{aql P2)oo y> | ipi)jp'-xiP2)jp'-x {^gg i p^p-^yp 
{aq)oo{aq/pi \ (aq/Pi) jp'-x {aq/P2) jp'-x 

- , {Pi)w'-i-M3P'-i-x {aqlp^p2yP'-^--\q^P'^^P'-'\ 

{aq/pi)jp'-i-x{aq/P2)jp'-i-x J 

In this section we consider the specialization 

pi = finite, p2 — finite. 

Taking the Umit > 1 in (OJ, we find 

= pip2 ^ " 

-A/'o. 



(4.9) Y.^Pi)niP2)nj^F^Pf )(2„ + 1 ~ s + 2x, 1-q) 



(Pl)oo(p2)oo ^ pjpto'-s). PlP2g^*^^' 1) - 1 

j=-oo 



4.5. NS-sector characters. Let us set pi — —zq^^^,p2 — —z^^q^^i in ( 14. 9> , which 
implies a — q^^ and s = 1. Making the variable change j — > ~j in ( 14. 9> and setting 
a; = we obtain 

(4.10) Y.{-zq^U-z-\^)^^-—Fl,Y\2nA;q) 

1 \ oo 



{-zql)oo{-z ig2)^ ^ jpOp'+i) 1 - g^jp'+i 

('Z)L A (l + z(7^P'+^)(l + z-ig^P'+^)' 



Comparing with \A.5\ . we obtain 



(4.11) x,^",(g,z) = f^^' '^^^" foy^Sn, l;g). 



n=0 ^1/271 
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Setting z = I and inserting the fermionic formula ( I2.12> . we find 



(4.12) Xpy{q)=q 



X n 



n.j + rrij 



Let us set mg = 2n and use j3.6> to get 

(4.13) xp^^,(g) = 9---^-+'=- E EE E 



mo— fci— A;2— m=(^ 
mo even 



X g4 



(9)mo 



mo 
2 




1— 


t„o + i 

n 


rij + mj 






[ ^2 J 






9 




q j=i 





Define p = (fci, fc2, niQ, m) e Z*"o+i+'', so that ( I4.13> can be rewritten as 
(4.14) Xp^,^,(g) = g-^-^°'^+'^-^'^ E 

P, = (Qu,v)i,i>3 



(9)^3 



|(XdP + u + v)j 



n 



Pi 



where = 2/t, +3 - D and 



D 



2 





-1 


' \ 





2 


-1 





-1 


-1 


1 


1 








-1 


B J 



(4.15) 



iu,v = (0,0,0,A,,v), 

u* = (0,0,0,u*), 



v* = (0,0,0,v*), 
This gives a new fermionic expression for the NS-sector character. 



4.6. Ramond sector characters. Let us set pi = —zq^, p2 = —z ig^+i in (14. 9> . which 
implies a — q^^ and s — 1. Setting a: = and changing j — > — j we obtain 

(4.16) ytM_£l^q--^o.Fl^Y')^2n,l;q) 

[Q)27l 



n=0 
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Comparing with i4.7i we get 



(4.17) = z-^-^o, g i "''g)« ffep')(2n,l; 



n=0 



Again using (|^^} in a similar way to the NS-sector and setting 2; = 1 we find 



(4.18) Xp,p'iq) = 2q-^"-'^'''-'Y. 



( q)n-li ^ ^im*Bm-iA„ 



n=0 



(qh 



Using 



(n-fe)(n-fc-l) 



fc=0 



X n 



k 



TO," 



and setting mo = 2n, equation ( I4.18> can be rewritten as 
(4.19) 



^ ,[q) ^ 2g"-^'"'-^+^^'^ X] X] X] X] gi(^o+2fc?+2A;2-2mofci-27no/c2) 



mo— fci— /c2— OmE 
mo even 



X q 



im'Bm-iAu,vm+i(fei-fe2) L 



fe2) 1 


"mo 1 ■ 
2 ^ 




mo 
2 


t^o + i 

n 

q j=i 


rij + nij 


('7)mo 


^1 


9 


. ^2 . 





Setting p = (fci,fc2,mo,m) S Z*"o+i+3 this becomes 

1 



(4.20) x^yiq) = 2q- 



iTiQ-fi-|-3 _ 

|(XdP + u + v)j 



with the same notations as in (I4.15> except 

iu,v - (1,-1,0, ^u,v), = (-l,0,0,u*), V* = (-1,0,0, V*) 

This gives a new fermionic expression of the new R-sector character. 



5. Conclusion 

In this paper we only considered the vacuum character for the N ~ 2 superconformal 
algebra with central charge c = 3(1 — ^) with p < p' in the NS-sector and the Ramond 
sector character derived from the vacuum character We believe that similar Bailey flows 
exist for the general N — 2 superconformal characters, but explicit formulas are not yet 
available in the literature. 

The astute reader might have noticed that unlike in section |3] we did not carry out the 
Bailey flow for the dual Bailey pair in section|4] the reason being that the fermionic formula 



NON-UNITARY MINIMAL MODELS, BAILEY'S LEMMA AND N = 1,2 SUPERCONFORMAL ALGEBRAS 13 



Fr^s''' \L,b; q) forp < p' < 2p and r = 6 = 1 are not given in |6 7|. A formula however 
does appear in 1261 . The matrix D in this case is 



' 2 





-1 








2 


-1 





-1 


-1 


2 


-1 








-1 


B 



Details will be available in (8| . 
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